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DFT Calculations for the Photodeprotection and Solvolysis Processes
DFT calculations were utilized to examine the activation barrier for the deprotection reaction from A(T 1 ) of BHQ-OAc to the triplet zwitterion-like BHQ intermediate Z(T 1 ) at the (U)B3LYP/6-311G** level of theory. [1] The optimized geometries for the A(T 1 ) (RC), transition state species (TS) and the triplet zwitterion-like BHQ intermediate (IM) were readily found from the calculations ( Figure 10S ). As the reaction proceeds from RC to TS, the distance between the C13 and O14 varies substantially from 1.505 to 1.865 Å, and the bond length of C5-C13 decreases from 1.483 to 1.419 Å, and as the reaction proceeds from TS to IM, the C13-O14 bond completes its cleavage and the bond length of C5-C13 changes to 1.398 Å. During this reaction, the geometry of the CH 2 moiety changes from a pyramidal structure (RC) to a planar one (IM), which reveals that the hybridization of the atom C13 goes from sp 3 to sp 2 . The triplet reaction process can also be followed by the changes observed in the spin densities. For RC, the spin density delocalizes and is 0.01 for the C13 atom and 0.19 for the C5 atom, and when the reaction goes to TS, the spin density becomes localized and is 0.19 for the C13 atom and 0.12 for the O14 atom. When the reaction proceeds further to the intermediate complexes (IM + -OAc), the spin density concentrates mainly on the C13 atom and is 0.73 on this atom. The DFT calculated activation barrier of the deprotection reaction is predicted after the correction of the solvent effect on the optimizations done for the gas-phase stationary points (the dielectric constant used for water is 78.39) and the calculated result After release of acetate, intermediate (IM) undergoes further reaction to produce the final product (a singlet anionic form of BHQ-OH) in aqueous solution. [2] There are two possible pathways for this water-solvolysis step (a and b in Scheme 1S). In pathway a, Z(T 1 ) undergoes ISC first to form a singlet transient Z(S 1 ), which then reacts with water to produce the final product. Conversely, reaction of Z(T 1 ) with water first in pathway b produces a triplet BHQ-OH, which undergoes ISC to form the final product. DFT calculations with the optimized geometries for the BHQ intermediate complex (RC1 and RC2) , transition state (TS1 and TS2), and the final by-product BHQ-OH ( BHQ-OH(S 0 ) and BHQ-OH(T 1 )) ( Figure 11S ) were done to distinguish the two water solvolysis pathways described in Scheme 1S. RX1 depicts a singlet solvolysis process subsequent to an ISC (pathway a), and RX2 depicts a triplet solvolysis process followed by an ISC (pathway b). The calculated free energy of the singlet state of the BHQ intermediate is ~18.2 kcal/mol higher than that of its triplet state although both optimized structures are found to be similar (Table 3S ). This suggests that the lowest singlet state of the BHQ intermediate is an active one, and the result may be obtained because the large conjugated hydroxyquinoline system of the transient species can make the triplet more stable. This also provides further support for the heterolytic cleavage step of the deprotection reaction occuring on the excited triplet potential surface. Investigation of the reactant complex formed by the BHQ intermediate and one water molecule reveals that although the calculated free energy of the singlet state is still higher than that of the triplet, the difference decreases to 15.6 kcal/mol, and then further shrinks to ~10 kcal/mol after correction for solvent effects. Therefore, the smaller difference between their free energies and the similarity of the structures may suggest that the ISC of the BHQ intermediate complex from its triplet state to the active singlet state is relatively easy to occur in solutions. The calculated free energy of the lowest singlet state of BHQ-OH is 36.1 kcal/mol lower than the triplet state, indicating that the ground state of the stable final byproduct is a singlet state and the formation of BHQ-OH is thermodynamically favorable. The reaction barriers of the singlet and triplet water-solvolysis processes (RX1 and RX2 in Figure 11S ) and the relative energy profiles before and after water solvent corrections (Table 4S and Figure 12S ) indicate that both before and after the correction of solvent effects, the triplet process RX2 has very high free energy barrier (37-38 kcal/mol), and the solvent corrections seem to have only a small influence. Therefore, the triplet reaction is probably endothermic and unfavorable both kinetically and thermodynamically. However, if the triplet BHQ intermediate undergoes ISC to the active singlet state first, the subsequent singlet solvolysis RX1 reaction has a very low activation free energy barrier (~3.9 kcal/mol). Especially after water solvent correction, the activation barrier substantially decreases to a negative value (-27.9 kcal/mol), which suggests that water solvolysis of the singlet BHQ intermediate occurs spontaneously in aqueous solutions. Therefore, the decisive step of the singlet solvolysis in aqueous solutions is the ISC process, not the reaction between the BHQ intermediate and water molecule. Similar observations that the singlet-triplet ISC can play a crucial role for solvolysis reactions have been reported in the literature.
[3] The calculation results are consistent with the assumption that the triplet BHQ intermediate, similar to the photochemistry of benzoin diethylphosphate, [4] undergoes ISC to i ts singlet and then proceeds via a singlet water-solvolysis reaction to produce the BHQ-OH side-product.
Tables 5S-11S. The Cartesian coordinates, total energies, and vibrational zero-point energies for the optimized geometry from the (U)B3LYP/6-311G** calculations for the species of interest. 
Synthetic Procedures
8-Bromo-7-(methoxymethoxy)-2-methylquinoline (2). 8-Bromo-2-methylquinolin-7-ol (1, 1.83 g, 7.38 mmol) was dissolved in THF (30 mL). Triethylamine (2.00 mL, 14.2 mmol) was added to the solution. After 2 min of stirring, chloromethyl methyl ether (1.00 mL, 13.2 mmol) was added dropwise and the reaction was stirred overnight. The solvents were evaporated, and the residue dissolved with chloroform (100 mL). The chloroform solution was washed with water and brine, and dried over anhydrous Na 2 SO 4 . The solvent was evaporated and the residue was purified by flash chromatography with EtOAc/hexane (1:9) to yield 2 (1.74 g, 6.17 mmol, 84%). 1 (8-Bromo-7-hydroxyquinolin-2-yl)methyl acetate (BHQ-OAc). (8-Bromo-7-(methoxymethoxy)quinolin-2-yl)methyl acetate (5, 0.055 g, 0.16 mmol) was dissolved in chloroform. Trifluoroacetic acid was added and the reaction stirred for 2 h. The reaction was transferred to a separatory funnel and neutralized with 5% sodium bicarbonate. The combined organic layers were washed with brine, dried over MgSO 4 , filtered, and concentrated. The crude residue was purified by HPLC with 40% CH 3 CN/60% H 2 O (0.1% TFA) to provide BHQOAc (0.035 g, 75%). This material was spectroscopically identical to the data given in the literature. [5] (7-hydroxyquinolin-2-yl)methyl acetate (HQ-OAc). Tetrabutyl ammonium fluoride (0.18 mL, 1 M in THF) was added to a solution of (7-((tert-butyldiphenylsilyl)oxy)quinolin-2-yl)methyl acetate (6, 0.081 g, 0.18 mmol) in THF (1 mL). The resulting solution was stirred at room temperature for 1.5 h before diluting with EtOAc, washing with water, drying over MgSO 4 , and filtering. The solvent was evaporated and the remaining residue purified by flash chromatography with EtOAc/hexane (7:3) to yield HQ-OAc (0.026 mg, 0.12 mmol, 67% 
